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6 141 Histological assessment of BAT 142 BAT of each rats was fixed with 10% formalin and embedded in paraffin and sectioned. The 143 sections were stained with hematoxylin and eosin (H&E) or immunohistochemistry (IHC) for 144 light microscopic examination. For assessment of UCP1 staining, 5 μm sections were 145 permeabilized in PBS, incubated in 10 mM sodium citrate buffer with pH 6.0 for 100°C, 10 146 min, and the with anti-UCP1 (1: 3,000 dilution, Abcam, Cambridge, USA) antibody incubation 147 for overnight at 4°C. Sections were then incubated with secondary antibody (1: 200 dilution, 148 Santa Cruz Biotechnology, Santa Cruz, CA, USA) for 1 hr at room temperature and followed 149 by staining with diaminobenzidine chromogen (Vector Laboratories, CA, USA) and 150 counterstaining with hematoxylin. The stained sections were examined under microscopy (x 151 200) and all histological assessments (Nikon, Tokyo, Japan) were made by a pathologist.
152
153 Enzyme-linked immunosorbent assay (ELISA)
154
Blood samples were allowed to clot for 2 hr at room temperature before centrifuging for 20 155 min at 2,000 x g. Leptin levels were measured by ELISA kit (R&D System, Minneapolis, MN, 156 USA) in serum. Enzyme levels in supernatants were measured according to manufacturer's 157 instructions. Serum samples were then diluted 1: 10 in diluent solution and incubated in the 158 plates at room temperature for 2 hr, after which the plates were washed five times. The detection 159 rat leptin conjugate was incubated for 2 hr at room temperature. The plates were washed five 160 times and substrate solution was incubated for 30 min, after which stop solution was added. 240 16]. In the current study, however, we showed that Pnx stimulated thermogenesis in BAT and 241 attenuated lipogenesis in WAT and the liver of HFD fed rats without any significant changes 242 in body weight compared with control rats.
243
We observed no difference in body weight and food intake in Pnx group compared with 244 those in control group, which may implicate that endogenously synthesized pineal melatonin 245 does not affect systemic energy balance. To support our result, a very recent study showed no 246 difference in body weight and food intake between normal chow diet-fed control and Pnx rats 247 [20] . The study also indicated that exogenous treatment of melatonin to Pnx group resulted in 248 body weight and food intake decrease, which suggests that exogenous, rather than endogenous, 249 melatonin as a possible contributing factor for the decreases in body weight and food intake. 260 UCP1, also known as thermogenin and is predominantly expressed in BAT, is a 261 mitochondrial protein that regulates dissipation of excess energy via the uncoupling of 262 oxidative phosphorylation. It is also positively associated with insulin sensitivity [25] . In the 263 current study, we showed that Pnx markedly increased the expressions of UCP1 in BAT. To 264 support the increased activity of UCP1 in Pnx, we also found increased expressions of PGC1α, 12 266 and gene, such as PGC1α, DIO2, SIRT1, and PRDM16. PGC1α is a master nuclear 267 transcription factor that controls the expression of the thermogenic genes [26] . There was 268 markedly increased expression of PGC1α, which implicates PGC1α-induced thermogenic 269 genes. DIO2 is another well-known master regulatory molecule that controls the expression of 270 the thermogenic genes [27] . In this study, we also observed that Pnx stimulated the expression 
